Two experiments were carried out to reveal and quantify plasma metabolites that are sensitive to hemolysis and animal stress due to the blood sampling procedure (vein puncture vs. catheter). In Exp. 1, 48 sows were fed 4 diets either once (0800 h) or twice daily (0800 h and 1500 h) in a crossover design and blood was collected after restraint via vein puncture 1, 4, 11, and 23 h after morning feeding. Plasma samples were categorized as without or with minor or major hemolysis [clear (n = 218), yellow (n = 97), or red (n = 37)] upon centrifugation. Plasma NEFA (P < 0.001) was lower in hemolyzed samples but plasma propionate, caproate, isovalerate (P < 0.001), and isobutyrate (P < 0.05) were higher in hemolyzed samples. Plasma glucose and lactate were the only metabolites that were not affected by hemolysis. Interactions with hemolysis and other fi xed effects were not found (P > 0.05). In Exp. 2, a subset of samples from 24 sows fed twice daily in Exp. 1 was combined with data obtained from 30 sows sampled using jugular vein catheters. All sows in Exp. 2 were fed twice daily (0800 h and 1500 h) and blood samples collected repeatedly 1, 4, 11, and 23 h after morning feeding (other conditions were similar as in Exp. 1). Plasma isobutyrate (P < 0.001), NEFA (P < 0.01), and acetate (P < 0.05) were lowered and plasma caproate (P < 0.001), glucose (P < 0.01), lactate, and isovalerate (P < 0.05) were elevated in samples obtained via vein puncture as compared to via vein catheters. Plasma insulin, propionate, and butyrate were not sensitive to the blood sampling procedure. In conclusion, blood sampling procedure and hemolysis affect the measured metabolite concentrations and should be considered or accounted for when comparing results within and between experiments.
INTRODUCTION
Avoidance of animal stress is essential in animal experiments, both for animal welfare reasons and to obtain valid results. In spite of this, the most frequently used sampling protocol for peripheral blood is vein puncture. Vein puncture is often preceded by capture and restraint by hand, and in swine, blood samples are commonly taken while animals are held by nose snare restraint. As a result of physiological stress responses, data obtained from such experiments are of a lower quality than when obtained from catheterized animals. Another negative consequence of sampling by vein puncture is that hemolysis is frequently observed. Stress and blood sampling technique may affect the measured metabolite concentrations in plasma, as demonstrated for anesthetized laboratory animals (Arnold and Langhans, 2010) , either because the intermediary metabolism is altered by, for example, stress hormones, or because metabolites may be degraded or metabolized by enzymes released from hemolyzed erythrocytes. In the present study, data from 2 previous experiments originally designed to evaluate satiating properties of fi ber (Jensen et al., 2012; Pedersen et al., personal communication) were combined to evaluate how blood sampling techniques and hemolysis affect plasma concentrations of metabolites related with energy status in sows.
MATERIALS AND METHODS
All procedures involving animals were approved by the Danish Animal Experiments Inspectorate. Two experiments were carried out with the overall aim of testing effects of dietary fi ber source on feeding Published January 23, 2015 motivation of sows. In Exp. 1, 48 Danish Landrace × Yorkshire sows in 4 blocks of second parity were fed 1 of 4 diets (a control diet and 3 high fi ber diets formulated to provide 35% dietary fi ber obtained by substituting cereal grain by pectin residue, potato (Solanum tuberosum) pulp, or sugarbeet pulp). Sows were fed either once (0800 h) or twice daily (0800 and 1500 h) in 2 periods (early and mid pregnancy) in a crossover design and blood was collected 1, 4, 11, and 23 h after the morning feeding. Blood samples were taken after the sows had been captured by 2 handlers and samples were taken while the sows were held by nose snare restraint. Plasma samples were categorized as clear, yellow, and red plasma upon centrifugation, refl ecting without or with minor or major hemolysis. The feed ingredients, feed analysis, and effects of diets and feeding regimen on feeding motivation have been described (Jensen et al., 2012) . In the present study, we used the same statistical model as Jensen et al. (2012) with an additional fi xed effect included to account for hemolysis to reveal the effect of hemolysis on plasma concentration of metabolites. In Exp. 2, a subset of samples collected in Exp. 1 representing 24 sows fed twice daily with either sugarbeet pulp or the control diet. Therefore, a total of 24 sows included in Exp. 1 were not included here because pectin residue and potato pulp diets were not tested on sows equipped with jugular vein catheters. In 30 other sows, jugular vein catheters were inserted 2 d before blood samples were collected and fed also either sugarbeet pulp or the control diet (same experimental conditions as in Exp. 1). The number of sows fed control and sugarbeet pulp were equal within blood sampling techniques. The effect of blood sampling procedure (vein puncture vs. catheter) were tested by accounting for block, diet, period, and time (after feeding) and diet × time interaction and repeated sampling were accounted for both within days and among periods. Plasma concentrations of glucose, lactate, NEFA, insulin, and short chain fatty acids (SCFA) were analyzed as described by Jensen et al. (2012) . Signifi cance was declared at P < 0.05 whereas P < 0.1 was regarded a trend.
RESULTS AND DISCUSSION
Plasma samples were categorized as without, with minor, or with major hemolysis [clear (n = 218), yellow (n = 97), or red (n = 37)] upon centrifugation. The 134 samples with minor or major hemolysis originated from sows fed control (n = 28), sugarbeet pulp (n = 39), pectin (n = 36), and potato pulp (n = 31). Interactions between hemolysis and periods, feeding frequency, diets, and blocks on plasma concentrations were not found (P > 0.05). Plasma NEFA was higher (P < 0.001) and insulin tended to be higher (P < 0.10) in samples without or with minor hemolysis than with major hemolysis (Table 1) . In contrast, plasma SCFA were higher (propionate and caproate, P < 0.001; isobutyrate, P < 0.05) or tended to be higher (acetate and butyrate; P < 0.10) in samples with minor or major hemolysis compared to clear plasma samples. Plasma isovalerate followed the same pattern as the other SCFA although elevated concentration was only seen in samples with major hemolysis. Plasma glucose and lactate were not affected by hemolysis. Lower plasma NEFA may be caused by interference, because NEFA was detected spectrophotometrically. Lower plasma insulin, in contrast, is not likely explained by analysis interference, because insulin was analyzed using a time-resolved immunofl ourometric assay of the sandwich-type including monoclonal antibodies. Instead, the decrease in concentration in hemolyzed samples may be due to insulin being degraded by erythrocyte enzymes. Increased plasma SCFA in samples with major hemolysis were consistent among SCFA but these fi ndings are diffi cult to explain. It cannot be due to degradation of erythrocyte enzymes and it is not likely due to analysis Within a row, values without a common superscript differ (P < 0.05). 1 Experimental design, diets, analyses, and statistics were described by Jensen et al. (2012) .
2 n = 218, 97, and 37 for without, minor, and major hemolysis, respectively. Within a row, values without a common superscript differ (P < 0.05).
interference, because SCFA was analyzed using gas chromatography. Plasma NEFA (P < 0.01), acetate (P < 0.05), and isobutyrate (P < 0.001) were lower when sampled by vein puncture than sampled from catheters (Table 2 ). In contrast, plasma glucose (P < 0.01), lactate (P < 0.05), caproate (P < 0.001), and isovalerate (P < 0.05) were elevated in samples obtained via vein puncture. Increased plasma glucose and lactate indicates that nose snaring indeed induces stress as also observed in pigs transported for 8 and 16 h to an abattoir (Becerril-Herrera et al., 2010) . In contrast to our study, plasma NEFA was elevated in pigs exposed to simulated transportation stress (Peters et al., 2005) and was associated with increased levels of stress hormones. Interestingly, the blood sampling procedure increased caproate and isovalerate but decreased acetate and isobutyrate in plasma. The reason is unclear but might be related to effects of stress hormones on hepatic metabolism of SCFA (e.g., release of acetate synthesized from acetyl coenzyme A) or altered uptake to the portal blood. In the present study, plasma insulin was not sensitive to the blood sampling procedure.
In conclusion, blood samples collected using catheters should be regarded the golden standard. If blood is collected by vein puncture, hemolysis occurs frequently and affects the metabolite concentrations. These aspects should be considered when comparing results between experiments. Finally, the rejection of hemolyzed samples is recommended and, if not possible, the degree of hemolysis should be registered and accounted for in statistical evaluation of data.
